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r)ational Interactive Workshop on Inverse Methods

Workshop Speakers and Chairmen: {Left to right) Front row: M. P. McCormick {Associate Chairman), Langley Research Center;
S. Twomey, U. Arizona; L, Kaplan, U. Chicago; M. Chahine, JPL/Cal. Tech; H. van de Hulst, U. Leiden, Netherlands; C. Whit-
ney, C. S. Draper Lab; E, Westwater, NOAA/WPL; D. Staelin, MIT; B. Conrath, Goddard SFC; J. Kuriyan, UCLA: J. Gille,
NCAR; W. Chu, Old Dominion U.; A. Deepak {Chairman), Old Dominion U. Second row: J. Lenoble, U. de Lille, France;
B. Herman, U. Arizona; A. Fymat, JPL/Cal Tech; J. King, AFGL; A. Green, U. Florida; H. Malchow, C. S. Draper Lab; W. Ir-

vine, U. Massachusetts; H. Fleming, NOAA/NESS: C. Rodgers, U. Oxford, UK; C. Mateer, Atmos. Environ. Serv., Canada;
T. Pepin, U. Wyoming.
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... Many More!
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1.

AE, = | K,(r)Ap(r)dV

#

UltimateChase.com




KSC Field Mill Network
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Chi-Squared Goodness-of-Fit

2’ o 1 - (Mi(a)_AEi)z
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Ockham’s Razor

"Pluralitas non est ponenda
sine neccesitate"

Circa 1288-1348

JOC/EFR © February 2005
http://www-history.mcs.st-andrews.ac.uk/Mathematicians/Ockham.html



NEEDS (neccesitate) WANTS (Pluralitas)

«Air | - *A/IC

*Water | SUV

‘Food | «Jet Ski

*Minimal Shelter/Clothing Designer Clothing
‘Medical Care *Boat/Yacht

L ove *Video Camera

*Gourmet Foods
*Swimming Pools
*Sporting Goods
Stereos

Plastic Surgery
*Bungee Jumping
*Vacations
*Opulent Home(s)
 efc.
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Electrostatic Field Changes Produced by Florida Lightning

EuzaBeTd A. Jacopsor anp E. Prure Kxioax

Tusiitae of pleric Phyeics, The Uni

iy af Arivona, Tucsew §5721

(Mapurcript teceived 10 Jone 1975, in revised form 13 September 1975}
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1-Charge Model (4 parameters)

X
(Xi’Yi). ........................................................
...................... «(x,)
M, (a)= ‘ =

27, [(X, = x)* + (L, — )’ +2°T"

al =(x,y,Z,Q)




Krehbiel, Brook, and McCrory
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An Analysis of the Chargé Structure of Lightning Discharges to Ground _

PauL R. KReHBiEL, MARX BROOK, AND ROY A. MCCRORY!
New Mexico Institute afllhiw and Technology. Socorro, New Mexico 37801

Sources of charge for the milv-du.l strokes otfmnnﬂupxmuknhlbummundmbm
dnmnned.nun;mwmuof
beosath the storm. The ¢esulting charge locations have been o lokmndnmmumnenuuf
mupiuuaumuamem&cmmﬂaﬁdd:hmnﬁndiﬁdmlmlumtmdmhmmnﬂy
consistent with the lowering to ground of a locafized or 1y ic charge in the cloud. The
centess of chazge for successive strokes of each fash developed over large within the
doud, up (0 8 km, nmmormem:mdmﬂonbumm—s'md—I'I'Cmvummul(dnr
m)mpmmwampmnmlhndnmmunhummnth:duehmdm

aped through the i emmultlm, ecip mnofmammudwpuradwbe
bounded wuhmlhusqm In one inatence J the sirokes
selectively discharged regions where the precipi ho was thy Vmiuluumonbemke

charge locations nsmum mpldmmmmulnumormnm The fickd changes in the
intervals between sirokes have been found to exhibit many of the fextures which Malan and Schontend

used to infer that ground fashes discharge a nearly vertical column of churge in the cloud. Thic xnd othe:
mdeneeuww:hnvmnwobumu.wmmmm-unnlhmm could instead have
been of i Th nshv:benn-&yudumupmm

dmnl:mod:lludfondw pond 1o ly hos

effectively
i in the directi oraﬂhrmhmhmummminmevidnﬁyo{m
earlier stroke volume, while subsoquent strokes discharged more distant regions of the cloud. Long-

h

dummﬁddmualhnmdmspruddmuﬁmmohoh lhnh hnbemandyuﬂmdfmmdm
d, peiar

carrespoad Lo & sarics of vorticel sad b

afalﬂdcmmund.Thuzmwg'memmmthenepdnchlrpmmnmuham

the source af the first stroke and cffe

y from the first stroke charge

volume and from the charge volumes of whlquun strokes. Seversl umumnm. cusrent discharges were
found also to progress horizontaily within the cloud and swtainad cutrents in the range of 580 A to fess
than 50 A. The continuing cursent field changes were consistently better fitted by the manopole charge
model than the Beld changes of discrote strokes within the same flash.

L. INTRODUCTION

Wilson (1916) first suggested that simultaneous measure-
ments ‘at a sufficiently lasge number of points’ of the clec-
irostatic field chenge causced by lightning could be used to
obtain & of the discharge, and e p ded 10 specify
the equations refating the field change at the ground o the
height and distance of simple ane- and two-point charge mod-
ls. Although it was not feasible for him to make such mea-
surcments, he approximated them in this and @ later study
{Wilson, 1920] by measuring the electric field change us a
function of distance from various lightning discharges. From
this he was dble to obtain cstimates of the average electric
d by a lightning flash and of the height and

Correspondence with simple point charge models wag ob.
tained for about half of the dischatges studied. Luter Reynolds
and Neill {1955] repeated the study of Workman et al. with
improved instrumentation, using 11 ficld measuring stations
over an area 10 km in diameter. Unfortunately, rain effects
and saturation of the instruments limited their ability to ara-
Iyzc data recorded from storms over the stations, Discharges
which they were able 1o study gave resulls similer to those
found by Workman et al., except that intracloud discharges
were found to be oricnted more vertically than those i the
eatlier study, and cvidence of & possiblc lower positive charge
was inferred.

Other multistation lightaing studies have utilized time-re-
#olved measurements of the electric field chango at fess than
four lacations 0 investigate the relative locations of churgss

The first multigle-station lightning study was cond i in
New Mexico by Workm et ai. {1942, who made time-re-
solved measurcments of the electric field change caused by
lightning at eight stations over an area 6 km in diameter. The
data were used to compute center of charge locations for the
indmdull strokes of discharges to grouad and for complote

loud disch Both the negative and positive charges
were found to e within & limited range of ambient cloud
temperature, between ~5° and ~25°C, and were distributed
horizontally withia the storm. Evidence of cellular efectric
structure was ideatified which followed the motion of the
storm and was associated with 1ain sheets below cloud base,

3 Now at U.S. Envi
Monitoring Syttems L-bur-mry. Las Veps. dea u’m

Copyright @ 1979 by the Amesican Geophysical Union.

involved in ive strokes of disch to ground [Hack-
ing, 1954; Takeuti, 1966; Oguwa and Brook, 1969) or bave
utilized total field change measurements to determine charge
locations for flashes as 8 whole, primarily of ground discherges
{Worknean and Holrer, 1942, Bornard, 1951; Tamura. 1958;
Hatek 1958; Jacobson and Krider, 1976} The latier
studies, made at widely differeat geographical locations, &
the lightning charges to be located in a tcrperature reginte
simifac to that found in New Mexico. .
tn the present paper we report results of lightning electn®
fictd measurements made at eight locations on the
b h a thund The weze of sufficient
accuracy and time resolution to aliow the charge sourcss
individual strokes of graund discharges 10 be located 384
hence the chacge “structure’ of the fiash to be determined. Ab
the same time, high-resolution radar of the pre

Paper nember 8C1335. . 432

0148-0227/79/006C-1335501.00



4-Station Solution (Krehbiel et al., 1979)

START:  |AE|= [
U 27 (X, - x) + (Y, —y)? + 27 ]2

Algebra & Differencing Stations GIVES:

_2(X1-—X2) 2(Y,-Y) Ulz- x X12+1712fX22—)/22_
2(X, - Xj;) 2(Y,-Y)) U, ||y
2(X,-X,) 2%-Y) U,l||n| | X*+v’-Xx>-Y?

I
i
+
-3
i
|
N

U,'s depend on the AEs

1
- |Qlz=%n"



Overdetermined Fixed Matrix (OFM) Approach

START: 1= (45
L= i~ + T

Raise to -2/3 power, Algebra & NO Differencing of Stations GIVES:

dl (X12 + Y12) 2 =2y 1w
= =Ts ,
d,| [(Xi+Y)) -2Xx, -=2v, 1| wr’

e =

2/3 ‘
diE|AE,.|_2/3, WE(TSE’J , rrExr+y +28 .

Extraction: x=s/s
y= S3/S1

z=(55,— 5'22 _332 )1/2/S1

Q=2ne,AE, )/ [(slzs4 —s,57 —5,50)"? |AE1|] , where s =(T'T)"'T’d



4-Station vs. OFM

Topic 4-Station OFM
# stations 4 m
Withstand errors? No Yes
(least squares)
Fixed Matrix? No Yes
Understand No Yes
eigenvalues?
Computationally No Yes
efficient?

Bipolar No Yes
Retrievals? |

Repl'aces Chi- No Yes

Square Analyses?
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2-Charge Model (8 Parameters)

o’
y O
@ S
z
(Xi,K). ................................................... |
............................. .( ’,y’)
(x,y)

M () = [ = ‘ - }
" (X, — 2 + 0~ )’ w277 X=XV + -y Y +2T" |
a2 = (x,y,z,Q,x',y',Z',Q')




DR Model (2 Charges but 4 Parameters!)

"4
.
e ,’
Z
(X, 1) S
(xy) )

Di(al) =M1i(al)+Yi(al) )

Y,(a)=M,@&@)=—— —ZQ’ (al)z’(,al) T
27, | (X, —¥ (@)’ +(% ¥ @)y + (@) ]

al =(x>]aZ>Q)

3/2 ?




DR Chi-Squared

| Y — 1 N (Di(al)"AEi)z
Zz(al)"‘m__é‘; 02

l

a =(x,y,z,Q)



Thundercloud
\

8 km

Lower

6 km

Field Sensor

Scan Slab that Intersects
Negative Charge Region

Z

3’1 = (xy, y’, Z’, Q’)

a,= (x,'y, z, Q)

/

AE. - M,; (a,) = Residual Field Change
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LDAR-Constrained Charge Solutions

=(K'K)'K'g.
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May 14, 1999 (Day 134)
Q=56.168, ¥=-8.209
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Z (k)

Y (km)

June 11, 1999 (Day 162)
Q=40.072, Q’=-36.123
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2 (km)

Y (km)

Junc 29, 1999 (Day 180)
Q=33.633, =-3760
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Z (krn)

Y (k)

Scptember 21, 1998 (Day 264)
Q=0.317, ¢'=-3337
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Z (k)

Scptember 21, 1998 (Day 264)
Q=2462, ’=-2412
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Scptember 21, 1998 (Day 264)
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Strike to Launch Pad 39B (STS-115)
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